Editor: Richard Ree Premise of research. During biological invasion, the genetic diversity of populations may be reduced by founder events and genetic drift. The floral polymorphism tristyly provides an exceptional opportunity to investigate the influence of stochastic forces on the maintenance of genetic polymorphism, because small population size leads to a characteristic signature of morph loss from populations. Here, we investigate the relations between population size and morph-frequency variation in invasive populations of tristylous Lythrum salicaria in Ontario, Canada. We also compare our results to a similar survey conducted 25 years ago in the same region.
Introduction
Founder events and genetic drift are pervasive forces during the repeated episodes of colonization that characterize biological invasions. These stochastic processes have the potential to both limit and reduce genetic diversity in colonizing populations. The diversity of genetically based mating types in small populations of self-incompatible species is especially relevant because when mating types are lost through founder events and genetic drift, populations may experience pollen limitation of fertility or fail to reproduce sexually (Allee 1931; Byers and Meagher 1992; Vekemans et al. 1998; Ashman et al. 2004; Young and Pickup 2010; Barrett 2011) . Though mate limitation may favor self-fertile individuals during establishment following longdistance dispersal (Baker 1955; Stebbins 1957) , to date, there is mixed evidence that self-fertilization is commonly selected to relieve mate limitation during biological invasion (Sutherland 2004; van Kleunen and Johnson 2007; Pannell 2015) . Other landscape-level processes may aid in overcoming mate limitation, particularly as invasions mature in a region and populations become more abundant and less reproductively isolated. The increased connectivity resulting from pollen and seed dispersal may often serve to restore missing mating types and increase the genetic diversity of populations. Evidence for temporal changes in genetic diversity as biological invasions mature has not been investigated in colonizing species.
The genetic polymorphism tristyly provides a valuable system for investigating the role of stochastic processes in colonizing populations. Populations of tristylous species are generally composed of three mating types or morphs (long-, mid-, and short-styled morphs, hereafter L-, M-, and S-morphs) distinguished primarily by style length and the position of anthers within a flower (Darwin 1877; Ganders 1979; Barrett 1993) . Floral trimorphism is commonly associated with a trimorphic incompatibility system in which the style morphs are self-and intramorphincompatible; the only compatible pollinations are intermorph and occur between anthers and stigmas of equivalent height. Large 1 Author for correspondence; e-mail: chris.balogh@mail.utoronto.ca. Int. J. Plant Sci. 177(5): 409-418. 2016 . q 2016 by The University of Chicago. All rights reserved. 1058 -5893/2016 /17705-0003$15.00 DOI: 10.1086 tristylous populations at equilibrium are expected to contain equal frequencies of the style morphs (isoplethy) when all three morphs are completely outcrossing and possess equal fitness (Fisher 1941; Fisher and Mather 1943; Heuch 1979a Heuch , 1979b . The principal mechanism maintaining 1∶1∶1 morph ratios in tristylous populations is negative frequency-dependent selection resulting from phenotypic disassortative mating (Barrett et al. 1987; Eckert et al. 1996a ). However, surveys of style-morph frequencies in tristylous species frequently indicate deviations from this equilibrium expectation. Biased morph ratios (anisoplethy) or morph absence from populations of tristylous species can result from a variety of stochastic (e.g., Barrett et al. 1989; Husband and Barrett 1992; Eckert et al. 1996b ) and deterministic (e.g., Barrett et al. 1983 Barrett et al. , 2004 Weller 1986) forces. Colonizing events and periods of small population size are commonly associated with stochastic processes, and therefore, successful tristylous invaders provide useful model systems for investigating the influence of demographic factors on morphfrequency variation.
Over the past century, purple loosestrife (Lythrum salicaria, Lythraceae), a tristylous wetland perennial, has become one of the most widespread invasive species in North America. The species is native to Eurasia but was introduced to the Eastern Seaboard during the past 150 yr, spreading over much of the northern regions of eastern North America and more recently to central and western North America (Thompson et al. 1987; Mal et al. 1992; Colautti and Barrett 2013) . Studies of L. salicaria have a long and venerable history beginning with the seminal work of Darwin (1865 Darwin ( , 1877 , who characterized the general morphological features of tristyly and performed controlled pollinations to establish the compatibility relationships of style morphs. Later, Fisher and Mather (1943) determined the genetic basis of tristyly in L. salicaria through controlled crosses, and subsequent surveys of style-morph frequencies in European populations found general support for Fisher's theoretical prediction of 1∶1∶1 style morph ratios in populations at equilibrium (Haldane 1936; Schoch-Bodmer 1938; Halkka and Halkka 1974; Ågren and Ericson 1996) . More recently, investigations of invasive L. salicaria populations in eastern North America have sought to determine the influence of finite population size on morph-frequency variation (Eckert and Barrett 1992) and to compare morph-frequency variation in the introduced versus native range of the species (Eckert et al. 1996b ). These surveys indicate striking differences between continents, with patterns of variation in introduced populations consistent with those expected if stochastic processes were playing a more important role in governing variation in style-morph frequencies in comparison with native populations.
A particularly attractive feature of the tristylous polymorphism is that theoretical studies demonstrate that stochastic processes produce a characteristic signature of asymmetric morph loss because of the inheritance of tristyly (Heuch 1980; Barrett et al. 1989; Eckert and Barrett 1992) . Genetic studies in the three most widely studied families (Lythraceae, Oxalidaceae, Pontederiaceae) indicate that the polymorphism is governed by two diallelic loci (S, M), with the S locus epistatic to the M locus (Fisher and Mather 1943; Weller 1976; Lewis and Jones 1992; Gettys and Wofford 2008) . Because the dominant S-allele that governs the expression of short styles is carried only by the S-morph (S-), it is at a lower frequency in equilibrium populations than the remaining other three alleles (s, M, m) at the loci governing tristyly. As a result, when all morphs possess equal fitness, the S-morph is more susceptible to stochastic loss from populations than the other style morphs. In contrast, the L-morph (genotype ssmm) should be rarely lost from populations, because the recessive s and m alleles are commonly present in genotypes of all three style morphs and therefore exist at higher frequencies in equilibrium populations (Heuch and Lie 1985) . Thus, if genetic bottlenecks and drift play prominent roles in the population biology of a tristylous species, as a result of repeated colonizing events, there should be a characteristic pattern in which the S-morph is absent most often, the L-morph is rarely absent, and the M-morph is absent at a rate intermediate between the Sand L-morphs (i.e., probability of morph absence: S-morph 1 M-morph 1 L-morph). Empirical support for these theoretical predictions has come from extensive surveys of invasive L. salicaria populations in Ontario, Canada (Eckert and Barrett 1992; Eckert et al. 1996b) , and in populations of the annual colonizer Eichhornia paniculata (Barrett et al. 1989) in Brazil and the Caribbean. Both species exhibit dimorphic populations that are predominantly composed of the L-and M-morphs.
Here, we measure style-morph frequency variation in L. salicaria populations in Ontario, Canada, in relation to their size. We asked a series of questions related to the influence of stochastic processes on morph evenness and morph loss from populations: (1) Is morph absence in populations related to their size? We predicted that style morphs would be missing from small populations more often than from large populations.
(2) Does the evenness of morph ratios change with population size? We predicted greater morph evenness in larger populations than in small populations. (3) Among the three style morphs, is the S-morph most commonly absent from nontrimorphic populations, as predicted because of stochastic loss of the S-allele governing the phenotype of this morph? (4) Are there differences in the overall patterns of morph-frequency variation in comparisons between the 1988/1989 and 2013 surveys? Lythrum salicaria has increased in abundance and expanded its range dramatically in Ontario since Eckert and Barrett (1992) measured morph frequencies ∼25 yr ago (Thompson et al. 1987; Colautti and Barrett 2013; Warne 2016; S. C. H. Barrett, personal observation) . The change in abundance led us to hypothesize that there may be a greater connectivity among populations and more opportunities for gene flow than in 1988/1989, and this could result in a reduced frequency of nontrimorphic populations and greater evenness in morph frequencies.
Material and Methods

Study Species
Lythrum salicaria is an outcrossing, showy, insect-pollinated herb that was introduced to eastern North America from its native Eurasian range during the late eighteenth century (Thompson et al. 1987) . The species possesses a trimorphic incompatibility system limiting opportunities for self-and intramorph mating; however, occasional individuals, particularly of the M-morph, are pseudo-self-compatible, enabling fertile seed to be produced from self-and intramorph mating (Colautti et al. 2010 ). Lythrum salicaria colonizes a variety of wetland habitats, particularly roadside ditches, marshes, and low-lying pas-410 tures, exclusively through seed dispersal (Mal et al. 1992; Yakimowski et al. 2005) . Seedlings of L. salicaria can reach flowering within 8-10 wk after germination (Shamsi and Whitehead 1974) , and individuals are perennial and can survive up to 12 yr and perhaps longer (S. C. H. Barrett, personal observation). The species forms an extensive seed bank, which allows populations to regenerate quickly after disturbance (Yakimowski et al. 2005) . Herbarium specimens indicate population expansion north and south along the North American Eastern Seaboard and northwest into southern Ontario during the twentieth century (Thompson et al. 1987; Blossey et al. 2001) . Subsequently, rapid northward expansion of the geographical range of L. salicaria in Ontario has occurred over the last 50 yr (Colautti and Barrett 2013; S. C. H. Barrett, personal observation). The species is commonly associated with active transportation corridors and human settlement, with most of the dispersal northward in Ontario associated with human activities. In Ontario, populations flower between late June and mid-September, with peak flowering in most populations occurring in early to midAugust (Montague et al. 2008) .
Population Surveys
In 2013, we estimated style morph frequencies in 114 populations of L. salicaria in Ontario ( fig. 1 ). Our sampling area largely overlapped the geographic region sampled by Eckert and Barrett (1992) in their 1988/1989 survey of 102 populations; however, it was not possible to resample the specific populations investigated by Eckert and Barrett (1992) , because geographic coordinates were not available, and many easily identified populations were extirpated. However, we made a particular effort in our sampling to cover the main areas represented in their study. We defined a population as a group of three or more plants separated from other such groups by at least ∼0.5 km; the vast majority of populations that we sampled were separated by more than 1 km. Because our study focused primarily on the role of stochastic forces on morph-frequency variation, we intentionally sampled populations mostly of ∼100 or fewer individuals, because these are likely to be most susceptible to genetic drift, and populations above this size are predominantly trimorphic (see Eckert and Barrett 1992) . The identification of genets in L. salicaria is straightforward because they develop into clumps with the root stock being the main organ of perennation (Shamsi and Whitehead 1974) . In populations smaller than 100 individuals, we counted all flowering individuals in the population, whereas in populations larger than 100 individuals, we randomly sampled ∼100 plants. We estimated census size in populations larger than 100 individuals by counting the number of individuals in two transects that intersected at 907 near the center of the population. We estimated the area covered by each population and calculated census size from the area and approximate density.
After comparing the 1988/1989 and 2013 data with a Wilcoxon sum-rank test, as expected, we found that our sampling scheme resulted in a smaller median population size in the 2013 survey than in the 1988/1989 survey (W p 3341, P ! 0.001; 1988/1989 median p 125.5; 2013 median p 29.5; fig. 2A , 2B). To obtain comparable population size distributions for comparisons between years, we selected a subset of populations containing !130 individuals from each survey. This procedure resulted in no significant difference in median population size according to a Wilcoxon sum-rank test (W p 2909, P 1 0.25; 1988/1989 median p 31, n p 52 populations; 2013 median p 28, n p 101 populations; fig. 2C, 2D ). In most cases, subsequent comparisons between the two surveys used the subset of populations with these equivalent size distributions.
Style Morph Absence and Population Size
We examined data from each survey and survey subset for differences in morph-frequency distribution or evenness using de Finetti diagrams plotted with the R package ggtern (Hamilton 2015) . Points close to the center of these plots represent populations with equal morph ratios, points along edges of the triangle are dimorphic and missing the morph labeled at that edge, and points at the apices of the triangle are monomorphic for style morph (see Eckert and Barrett 1992) .
We tested the association between population size and morph absence in the 2013 survey using a 2 # 3 heterogeneity G-test. Our test compared the number of populations with three morphs (trimorphic populations) to the number of populations lacking at least one morph (nontrimorphic populations) in each of three size classes (3-25, 26-50, and 150 individuals). To investigate whether the likelihood of morph absence differed between the 1988/1989 and 2013 surveys, the population size classes, or the combination of survey and population size class, we used a 2 # 4 heterogeneity G-test that compared the number In these analyses, we used two population size classes rather than three, because the 1988/1989 survey contained only nine populations in the 26-50 size class, and inclusion of this category reduced statistical power. We also conducted a series of 2 # 2 heterogeneity G-tests comparing the number of trimorphic and nontrimorphic populations across various combinations of size classes and survey years to investigate the individual effects of survey year and population size class on the frequency of trimorphic versus nontrimorphic populations.
Relation between Population Size and Evenness in 1988/1989 and 2013
We tested the effect of population size on morph evenness in the 2013 survey (all populations) using linear regression in R, version 3.1.1 (R Development Core Team 2014); R was also used for all further analyses. Population size was heavily skewed, and a few large populations overpowered the smaller populations. Therefore, we used the natural logarithm of population size to mitigate the effects of large populations on the regression. We calculated a morph evenness index for each population:
where E represents morph evenness and f(L), f(M), and f(S) are the frequencies of the L-, M-, and S-morphs, respectively (Barrett et al. 1989 ). This index equals 1 when the three style morphs are present at equal frequency in a population, 0 when only one morph is present, or a value between 0 and 1 when morph frequencies are uneven or one morph is absent. We tested for differences in the relation between population size and morph evenness between the 1988/1989 and 2013 surveys using the combined data sets of the two subsamples. We constructed three linear regression models using the lm function in R. The most complex model explained the response variable (population evenness) as a function of the natural logarithm of population size, survey year, and the interaction of population size and survey year; the second model contained only the natural logarithm and survey year as terms; and the most simple model contained only the natural logarithm of population size as a predictor. We compared the three models by F-tests using the ANOVA function in R, which determined the significance of each survey year's intercept and the interaction between survey slopes relative to simpler models. These data possessed similar distribution shapes but also contained minor violations of model assumptions of normality and homoscedasticity. Therefore, we compared population evenness between years in the 3-25 and 26-130 individual size classes through a Kruskal-Wallis sum-rank test to validate our results.
Asymmetric Morph Loss
We identified the number of populations lacking each style morph in the two surveys and in the subsamples from each survey to determine whether the 2013 survey data exhibited a similar pattern of morph absence to the 1988/1989 survey. Formal statistical tests were not possible, because the absence of multiple morphs from some populations resulted in nonindependence and small sample sizes, thus preventing us from analyzing combinations of morph absences.
Results
Style Morph Absence and Population Size
Among the 114 populations that we sampled in 2013, 84 (74%) were trimorphic, 21 (18%) were dimorphic, and nine (8%) were monomorphic. Of 21 dimorphic populations, 12 contained only L-and M-morphs, six contained L-and S-morphs, and three contained M-and S-morphs. Of the nine monomorphic populations, eight contained only L-morph individuals, and one contained only M-morph individuals. Although our survey included a higher representation of small populations than the 1988/1989 survey, the proportion of populations that were trimorphic was not significantly different between the two complete surveys (1988/1989 p 77%; 2013 p 74%; G p 0.414, df p 1, P 1 0.50). The majority of populations in the 1988/ 1989 and 2013 surveys clustered around the center of the de fig. 3A and 3B, respectively) . In the subsets of smaller populations from each survey, we observed, as expected, that a higher percentage of populations were missing a morph than in the full surveys and that points (populations) were also more scattered around the center of the de Finetti diagram ( fig. 3C, 3D) .
The proportion of nontrimorphic populations differed significantly between population size classes in the complete 2013 survey (G p 7.97, df p 2, P ! 0.02; table 1). A lower proportion of large populations lacked a morph than smaller populations (3-25 individuals: 39% missing a morph; 26-50: 22%; 150: 12%), indicating a negative relation between population size and probability of morph absence. The 2 # 4 heterogeneity G-test, which investigated the differences between populations in each survey year and each population size category, revealed that the proportion of nontrimorphic populations in different population size classes and survey years was significantly different (G p 10.77, df p 3, P ! 0.02; table 2, pt. A). However, the additional 2 # 2 heterogeneity G-tests, which investigated differences between the survey years or population size classes, did not detect significant differences in the overall proportion of nontrimorphic populations between surveys (G p 0.97, df p 1, P 1 0.3; table 2, pt. B) or between the surveys within each population size class (G p 1.18, df p 1, P 1 0.25; table 2, pt. D; G p 0.10, df p 1, P 1 0.70; table 2, pt. E). Further G-tests detected significant differences in the proportion of nontrimorphic populations present in the population size classes overall (G p 9.5, df p 1, P ! 0.01; table 2, pt. C) and in the population size classes within each survey (G p 5.05, df p 1, P ! 0.03; table 2, pt. F; G p 4.76, df p 1, P ! 0.03; table 2, pt. G). G-tests comparing survey years (table 2, pts. B, D, E) do not support a difference between the surveys in the proportion of populations lacking a morph, but G-tests comparing population size classes (table 2, pts. C, F, G) demonstrated significant differences in the proportion of nontrimorphic populations in each size class. These results indicate that in both of the surveys, smaller populations are more likely to be nontrimorphic than larger populations, as predicted.
Relation between Population Size and Evenness in 1988/1989 and 2013
The linear regression of population evenness (E) over the natural logarithm of population size indicated a positive, significant relation between these two variables in the complete 2013 survey (F p 12.7, df p 1, 112, P ! 0.001; fig. 4A ). The small r 2 value from this relation (0.102) indicates that although greater style morph evenness tends to occur in larger populations, other unmeasured factors besides population size also contribute toward the evenness of morphs in populations.
In the reduced data sets excluding larger populations, we also detected a significant, positive relation between morph evenness and the natural logarithm of population size from the 1988/1989 (F p 21.7, df p 1, 50, P ! 0.0001; fig. 4B ) and 2013 (F p 8.83; df p 1, 99, P ! 0.01; fig. 4C ) surveys. The relations in each survey did not differ significantly in their slopes (F p 0.775, df p 1, P 1 0.35) or intercepts (F p 0.018, df p 1, P 1 0.85). The Kruskal-Wallis sum-rank test validated these findings, as there were no significant differences in morph evenness between surveys in either population size class (3-25 individuals: Kruskal-Wallis x 2 p 0.40, df p 1, P 1 0.50; 26-130 individuals: Kruskal-Wallis x 2 p 0.81, df p 1, P 1 0.35). These results indicate that for smaller populations of Lythrum salicaria, the relation between population size and morph evenness has not changed significantly between 1988/1989 and 2013.
Asymmetric Morph Loss
In 2013, data on morph representation from the complete survey of populations revealed that the S-morph was absent from populations most often (21 times), followed by the M-morph (14 times), and the L-morph was least often absent from populations (four times). Data from the restricted sample of smaller populations from 2013 was nearly identical, except that the S-morph was absent 20 times. These results parallel data from Eckert and Barrett (1992) in which the S-morph was absent 18 times and the M-and L-morphs were absent seven and one times, respectively. In the restricted 1988/1989 sample, the S-morph was absent 14 times, and frequencies Triangles, squares, and circles represent trimorphic, dimorphic, and monomorphic populations, respectively. A point located farther from the L, M, or S edge of the triangle contains a high frequency of the L-, M-, or S-morph, respectively, whereas a point on the edge of the triangle lacks the morph labeled on that edge. Numbers near the triangle apices represent the number of monomorphic populations with that morph present in the sample. In each study, the S-morph is absent more often than the M-morph, and the M-morph is absent more often than the L-morph.
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of absence of the L-and M-morphs were identical in both the complete and the restricted samples.
Discussion
The primary goal of our study was to investigate the role of stochastic forces during biological invasion using patterns of style-morph frequency variation in invasive populations of Lythrum salicaria. Theoretical models of the influence of finite population size on the maintenance of the tristylous genetic polymorphism make specific predictions about the expected patterns of morph-frequency variation and morph loss (Heuch 1980; Barrett et al. 1989; Eckert and Barrett 1992) . Our results were generally consistent with the predictions of these models and indicate that repeated colonizing events and small population size play an important role in governing morph-frequency variation during invasion.
An earlier survey of invasive populations of L. salicaria in the same region (Eckert and Barrett 1992) provided us with an opportunity to examine whether patterns of morph-frequency variation have changed during 25 yr of ongoing invasion. The increased abundance of populations across the landscape has the potential to increase genetic connectivity among populations, which, in turn, may limit the intensity of stochastic processes acting on morph evenness and loss (see Eckert et al. 1996b ). However, our comparisons of data collected in 1988/ 1989 and 2013 revealed few differences in the patterns of morphfrequency variation between the surveys. The similarity in results indicates that despite the overall differences in invasion age between the two surveys, stochastic processes continue to play an important role during this biological invasion, especially in small populations. We begin our discussion by considering 4 (9) 29 (24) 12 Note. Significant P value is underlined. Note. Significant P values are underlined.
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INTERNATIONAL JOURNAL OF PLANT SCIENCES the diverse historical, demographic, and genetic factors that may explain the results of our study and then consider why the patterns of morph-frequency variation differ between native and introduced populations of L. salicaria.
The Pervasive Influence of Stochastic Forces in Invasive Populations
Despite 25 yr of ongoing invasion and an increase in the abundance of L. salicaria in many disturbed habitats of southern and central Ontario, the patterns of morph frequency observed in 1988/1989 and 2013 were remarkably similar. The relative frequencies of nontrimorphic populations in the two samples were not significantly different (1988/1989 p 23%; 2013 p 26%), and the specific style morphs that were absent from dimorphic populations were essentially the same in both surveys, with the S-morph and L-morph most often and least often absent, respectively, results consistent with stochastic theory (Heuch 1980) . In both surveys, we also found a positive relation between morph evenness and population size, with larger populations containing morph ratios closer to the isoplethic equilibrium. Despite the concordance between the findings of the two surveys, it is worth considering other explanations that may have caused the overall similarities in results.
The two independent surveys of morph-frequency variation in L. salicaria conducted 25 yr apart both involved a large number of populations distributed across the same parts of southern and central Ontario. A more optimal sampling strategy would have been to revisit the entire set of 102 populations originally surveyed by Eckert and Barrett (1992 ) in 1988 /1989 . However, GPS coordinates were not available from the earlier survey, and some easily located populations from the first survey were not located and were therefore presumed destroyed. Our sample, therefore, mainly involved L. salicaria populations that were not represented in the original survey. Because of the increased abundance of L. salicaria in Ontario, many of these new populations are likely to have been established since the 1988/1989 survey. Also, the survey we conducted in 2013 focused mainly on populations of !100 individuals because of our interest in looking for signatures of stochasticity, and as a result, the median population size was significantly smaller than the sample collected in 1988/1989. Because of this difference, we conducted comparisons of population samples from the two surveys, with similar population size distributions and median population sizes. It is possible that this subsampling procedure contributed to us not finding a difference between the samples, although comparisons involving the complete samples from both surveys gave similar results. Future work investigating the influence of invasion age on patterns of morphfrequency variation in L. salicaria should involve either the same sample of populations among years or a large random sample of populations across the region of interest.
Our initial assumption in comparing the two surveys was that the increased abundance of L. salicaria in Ontario during the 25 yr between samples should have reduced the influence of stochastic forces on morph-frequency variation, even in smaller populations. Higher overall morph evenness values and fewer populations missing style morphs may have been expected. Such patterns could potentially occur through two mechanisms. First, the degree of isolation of many populations along roadsides and other transport corridors should be reduced through time, with new populations colonizing areas that were previously unoccupied. This process could influence the genetic connectivity of populations through pollen-and seed-mediated gene flow and buffer populations against morph loss even in small populations, as has been observed in France (Eckert et al. 1996b) and Spain (Costa et al. 2016) . Second, populations surviving during the 25-yr period might increase in size, and this would serve to reduce the influence of stochastic processes on morph loss. Indeed, our data on the relation between population size and morph representation in populations support this possibility.
However, both of these initial assumptions about the demography and genetics of populations may be false. Although there are undoubtedly more populations of L. salicaria occupying disturbed habitats in Ontario today than 25 yr ago, includ- ing some that are very large, the majority of populations are still small, and many are relatively isolated. It is therefore unclear how frequently gene flow plays a role in converting populations from stylar dimorphism to trimorphism. Moreover, although we have not studied changes in population size of L. salicaria in Ontario over many years in detail, our field observations indicate that population growth is not an inevitable feature of invasive populations. Rather, many populations remain relatively small, owing to restrictions on suitable habitat, with some becoming reduced in size or locally extirpated through either control measures or chance environmental disturbance (e.g., urban development and road widening). Significantly, Eckert et al. (1996a) found no relation between the magnitude of the increase in population size and changes in morph evenness in a sample of 24 populations sampled over a 5-yr period, suggesting that morph-frequency change even with population growth may be a relatively slow process, owing to demographic factors associated with perenniality and variation in amounts of sexual recruitment. Therefore, the dynamics of the invasion process in a particular region can be highly heterogeneous, with ongoing colonization and population turnover taking place over many decades, so long as there are unoccupied sites across the landscape. In a relatively long-lived perennial such as L. salicaria, nonequilibrium morph frequencies may persist for long time periods (see Eckert et al. 1996a) , and thus, a greater duration between sampling intervals than our 25-yr interval may be needed to observe significant changes in the patterns of morphfrequency variation in an invaded region.
Style Morph Absence from Populations in Ontario versus Europe
Several investigations of style-morph frequency variation in L. salicaria populations in Europe provide an opportunity to compare patterns between native and introduced populations. The overall results of European surveys generally indicate that populations differ significantly from those in Ontario. Approximately 95% of European populations that have been surveyed are tristylous (Haldane 1936; Schoch-Bodmer 1938; Halkka and Halkka 1974; Andersson 1994; Ågren and Ericson 1996; Eckert et al. 1996b; Costa et al. 2016 ), compared with only ∼75% of populations in Ontario (Eckert and Barrett 1992 ; this study). Two large-scale surveys of style-morph frequency variation in France (Eckert et al. 1996b , n p 102 populations) and the Iberian Peninsula (Costa et al. 2016 , n p 96 populations) are worth highlighting, as both used the similar sampling approaches used in the two Ontario surveys. In each European survey, only five populations of L. salicaria were found that lacked a style morph. The large difference (∼20%) in frequency of nontrimorphic populations between the native and the introduced range of L. salicaria, therefore, raises the question of what factor(s) might account for these different geographical patterns.
The difference in the degree of nontrimorphism between Ontario and European populations of L. salicaria may arise from differences in metapopulation dynamics between the regions. Computer simulations suggest that gene flow on the order of m ≥ 0.05 between populations in a metapopulation has the potential to maintain tristyly in small populations by restoring absent morphs to dimorphic populations (Eckert et al. 1996b ).
Fossils of L. salicaria in Eurasia have been dated to 10,000 yr before present (Graham 2013) , indicating that this species has had a much longer time to saturate suitable habitats in its European range relative to the much shorter time period that the species has been present in Ontario (Thompson et al. 1987) . Thus, according to this argument, native European metapopulations have had a significantly longer time to reach driftmigration equilibrium. Some level of ongoing colonization is obviously a feature of all species (Lewontin 1965) , regardless of whether one considers native or introduced populations; however, it seems probable that native populations of L. salicaria are largely tristylous, because gene flow limits the persistence of nontrimorphic populations over long timescales. Estimates of morph evenness are significantly higher for trimorphic populations in France compared to those in Ontario (Eckert et al. 1996b) , further supporting the view that long-term gene flow in native populations reduces the influence of stochastic forces on morph-frequency variation.
Another factor that may contribute to the difference in frequency of nontrimorphic populations between native and introduced populations of L. salicaria concerns the types of landscapes in which L. salicaria occurs. Large areas of Europe, particularly in France and the Iberian Peninsula, are composed of agricultural land, thus providing L. salicaria with numerous dispersal routes along roads and drainage ditches and a high level of habitat connectivity (Eckert et al. 1996b; Costa et al. 2016) . Although agriculture activities are a dominant feature of landscapes in southern Ontario, where the majority of our populations were sampled, a portion of the area we sampled was on the Canadian Shield, where mixed deciduous and coniferous forests dominate. In forested regions of central Ontario, L. salicaria populations are less abundant across the landscape and are largely restricted to open roadside ditches and disturbed wetlands. This pattern of distribution is less likely to permit gene flow among populations, potentially enhancing the significance of founder effects and genetic drift and contributing to the lower levels of evenness and higher percentage of nontrimorphism in Ontario populations.
It is often difficult to determine whether genetic drift or founder events are the specific cause of morph loss from tristylous populations. However, several of the patterns revealed in surveys of native versus introduced populations of L. salicaria suggest that the relative importance of these two stochastic processes may differ between Europe and Ontario. In their comparison of native versus introduced populations, Eckert et al. (1996b) found that the probability of morph evenness and morph loss was more strongly associated with population size in the native compared to the introduced range. Only very small populations of less than 10 individuals in France lost morphs, a pattern also found in the Iberian Peninsula by Costa et al. (2016) , where all nontrimorphic populations were less than 15 individuals. These results are consistent with the operation of genetic drift. In contrast, nontrimorphic populations in the introduced range can occasionally be quite large (e.g., Ontario: N p 100-500; Eckert and Barrett 1992) . In our survey, dimorphic populations in Ontario possessed a median size of 25 individuals, in contrast to seven in dimorphic populations from Sweden (Ågren and Ericson 1996) . Moreover, among the eight monomorphic populations of the L-morph revealed 416 by our survey, four were relatively large (N p 21-33 individuals) and above the threshold value of 15, below which theoretical studies indicate that genetic drift will play a dominant role in causing morph loss (Heuch 1980) . Indeed, these models demonstrate that tristyly can be maintained for up to 150 generations if population sizes are above 20 individuals. The occurrence of relatively large nontrimorphic populations in Ontario suggests that unlike the native range, founder events may play a more important role than genetic drift in explaining morph absence from populations of L. salicaria.
During invasion, colonizing plants often lack compatible mates, and weak self-incompatibility (pseudo-self-fertility) may therefore provide reproductive assurance to founding individuals (Levin 1996) . Variation in the expression of pseudo-selffertility among floral morphs may favor some morphs during founder events, potentially contributing to morph absence from populations. Beginning with Darwin's early work on L. salicaria (summarized in Darwin 1877), controlled crosses have consistently revealed a small number of self-fertile individuals, especially of the M-morph and to a lesser extent the L-morph (reviewed in Colautti et al. 2010) . These individuals are capable of setting seed from self-and intramorph pollinations. As a result of the inheritance of tristyly (Barlow 1923; Fisher and Mather 1943) , plants of the M-morph following selfing always segregate M-morph progeny and in most cases L-morph progeny, whereas L-morph plants produce only L-morph progeny. S-morph progeny are not produced in either case, because the dominant S-allele is restricted to genotypes of the S-morph. Thus, it is quite plausible that genetic drift played no role in the origin of the 12 dimorphic L-M-morph populations and eight monomorphic L-morph populations in our survey. Rather, these could have arisen from founder events favoring individuals of the M-and L-morph with leaky self-incompatibility, a process consistent with Baker's law (Baker 1955; Pannell 2015) . Future studies comparing native and introduced populations of L. salicaria would be valuable to determine whether the invasion process may have selected for an increased prevalence of pseudo-self-fertility in North American populations.
